In this paper, we present an innovative bilaterally-controllable self-locking mechanism that can be applied to the micro in-pipe robot. The background and state of the art of the inchworm micro in-pipe robot is briefly described in the very beginning of the paper， where the main factors that influence the traction ability are also discussed. Afterwards, the micro in-pipe robots' propulsion principle based on a unidirectional selflocking mechanism is discussed. Then, several kinds of self-locking mechanisms are compared, and a new bilaterally-controllable self-locking mechanism is proposed. By implementing the self-locking mechanism, the robot's tractive force is no longer restricted by the friction force, and both two-way motion and position locking for the robot can be achieved. Finally, the traction experiment is conducted using a prototype robot with the new bilaterally-controllable self-locking mechanism. Test results show that this new self-locking mechanism can adapt itself to a diameter of Φ17~Φ20 mm and has a blocking force up to 25N, and the maximum tractive force of the in-pipe robot based on such a locking mechanism is 12N under the maximum velocity of 10mm/s.
Introduction
With the development of modern industrial technology, plenty of complex micro-pipes are used in the petrochemical industry, refrigerating industry and nuclear power plants. After some time, fatigue fracture, corrosion and mechanical damage may occur in these micro-pipes, which can lead to severe leakage accidents without detection and maintenance. Usually, the inner space of these pipes is narrow and the layout is complex. Furthermore, there is always a protection shield outside the pipe. These features bring many challenges to leakage detection and the maintenance of these micro-pipes. At present, the commonly used and effective detection method is to use the pipeline robot to carry the detecting elements.
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In the experiments, the pipe is filled with atmosphere and other filling materials such as water, oil, are not considered. In some cases, the pressure and the viscosity of the material could influence the performance of the robot. (1) The unidirectional locking mechanism is utilized in the telescopic in-pipe robot, which is not limited by the maximum static friction force between the robot and the pipe, thus making it possible to enlarge the tractive force. This design is very meaningful because the maximum static friction force is relatively small for the micro in-pipe robot.
(2) Three types of unidirectional locking mechanism were analysed: the locking mechanisms that use supporting legs, inclined planes and cams. Based on the analysis, a new type of locking mechanism, which has a larger adapting range of pipe diameter and controllable locking direction, was proposed. It can address the problem of the traditional unidirectional locking mechanisms, which cannot move both forward and backward. Moreover, it enables the robot to fully lock at a certain place, making fixed-point operation in the pipe possible.
(3) The locking conditions of the cam locking mechanism were presented, and a prototype of the new direction-controllable locking mechanism was developed. Tests showed this mechanism fitting a pipe with diameter of Φ18 mm had a tractive force up to 25N, and the adapting range of pipe diameter was Φ17~Φ20 mm. Furthermore, it was able to lock in both directions. These advantages can significantly improve the performance of the micro in-pipe robot in practical applications.
(4) Large tractive force can be achieved by applying this kind of self-locking mechanism in the Inchworm micro in-pipe robot. Experimental results showed that our robot had a maximum tractive force of 12N when the maximum velocity of the robot was 10mm/s. The reason limiting the further increase of the tractive force lies only in the driving capability of the motor, instead of the friction force between the robot and the pipe wall. 
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